Abstract: Focusing specifically on infectious diseases in low-income countries, this paper discusses four ways Geographic Information Systems (GIS) can facilitate health service planning and delivery: (1) deeper insight into where health care services should be located; (2) improved health surveillance and real-time planning for disease control and population health; (3) stronger accountability and evidence-informed dialogue between funders and the service providers and; (4) greater opportunities to translate complex data into more accessible formats which policymakers can quickly interpret and act on. Taking its use beyond just a research instrument, GIS is a way to undertake multidisciplinary work and improve health service planning and delivery.
infectious diseases for example, GIS technologies have been used to predict the risks posed by malaria, Rift Valley fever, visceral leishmaniasis, and tick-borne encephalitis 3 while tools such as the World Health Organization's (WHO) Health Mapper and Global Health Atlas have enabled better health surveillance, case-detection, and disease response. 1 Yet, even now, infectious diseases remain major causes of mortality in low-income countries, with poor and marginalized communities and children under five disproportionately affected. 4 Despite improvements in public health and health research, there remain significant gaps in knowledge about the incidence and prevalence of infectious diseases, particularly where patterns of reporting and surveillance are poor. This is one of the barriers that impede timely and effective service delivery and disease control initiatives.
A rigorous spatial analysis can help address these challenges by identifying the aetiology of diseases; 5 the environmental factors contributing to disease burden; 6 predictors of changed disease prevalence; 7 disease magnitude by sub-groups, regions, and time periods; 8 where and how to distribute meagre resources; and the factors determining communities' access to health services. 9, 10 By dissecting all the factors influencing disease epidemiology into different layers and overlaying them on each other, it is possible to identify which factors are associated with the occurrence of diseases and to predict the occurrence and trend of certain diseases. Thus, GIS can be a powerful mediator of spatial knowledge, social and political power, and intellectual knowledge in health research.
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While the relevance of a GIS will vary by health conditions, its potential to contribute to health service planning and delivery in infectious disease control is significant. However, this potential has not been fully realised. 12 In this Commentary, we put forward four ways in which GIS can contribute to improved service delivery in the control and response to infectious diseases in low-income countries: (1) deeper insight into where health care services should be located, (2) improved health surveillance and real-time planning, (3) stronger accountability mechanisms and (4) better knowledge translation. We discuss each point in turn, advancing the case for GIS to offer interdisciplinary and powerful new ways of presenting data and monitoring interventions.
Enhanced Understandings of Access
Access, a core concept in health service delivery and policy implementation, is shaped by geographic conditions. By access we mean the degree of fit between a client and a health service as determined by the availability, affordability, accessibility, accommodation, and acceptability of a service. 13 Social and geographic conditions are implicit in all five dimensions, framing the logistics of using a health service and the capacity of the service to offer high quality care.
Two dimension of access-availability and accessibility-are directly addressed by GIS. Availability refers to the location of health services, accessibility to geographical barriers such as travel time, transportation, travel costs, and distance. In term of availability, GIS can be use to visualize the location of health services to identify appropriate locations for health services.
14 For accessibility it can measure distance or travel time between available health services and the consumers. These measures can incorporate factors such as topography, weather patterns, availability of transport vehicles, distance to the health service, and state of transport infrastructure, which are especially salient in rural and remote areas in low-income countries where people might have to walk or cycle long distances to reach a health service. 15 A GIS can also be used to monitor the distribution of resources and ensure areas of endemicity receive appropriate drugs and resources. Identifying areas of shortage and surplus, delivery use rates, and kinds of access is especially important in low-income countries where scarce resources must be allocated where need is greatest and duplication of services avoided. For example, Figure 1 maps the distribution of health centres in Makassar district, South Sulawesi, Indonesia against the prevalence of typhoid fever in the district. In areas where there are few health centres, the prevalence of typhoid fever is higher; as the numbers of health centres increase and become concentrated the prevalence of typhoid fever decreases. From a health planning perspective such data provides insight into where resources such as drugs and medical staff are immediately required as well as where future health centres should be constructed.
Improved Health Surveillance and Real-time Planning
A GIS is a useful means of monitoring the emergence, re-emergence, and persistence of infectious diseases as well as examining the global transmission of diseases and the environmental drivers influencing these disease patterns. Geographic information systems can be used to assess risks, evaluate threats, track outbreaks, maintain situational awareness, document disparities, ensure focussed allocation of vaccines, notify communities and minimise disruptions resulting from necessary community health interventions. 16 In sub-Saharan Africa, GIS has been used to map the prevalence of soiltransmitted helminths and schistosomes. More recently, global positioning systems in field surveys and the increased availability of online electronic gazetteers have expanded the project with geo-position survey data at actual location. This information is stored on an open-access database and has proven essential to real-time planning for national school de-worming and mass drug administration programmes. 17 A GIS can also be used to improve population health outcomes and planning at the local level beyond disease portfolios. In Malawi, when a Health Management Information System (HMIS) was set up, financial, human resource, logistic and supply, physical assets, and health services management sub-systems were integrated and linked to GIS. Health staff could intra/extrapolate data for a missing month, calculate reporting coverage of the population, generate reports from raw data or indicators and present data on maps linked to GIS. This led to more inclusive planning and priority setting at the district level based on existing evidence, rational allocation of financial resources, and more frequent and careful supervision and monitoring of health facilities performance. 18 Close monitoring of the distribution of resources also provides opportunity for strategic international ties and stronger collaborations between disciplines (such as public health, medical sciences, biology, social sciences, policy, and planning, to name but a few) which cuts across local, national, and international levels. The global response to the H1N1 2009 pandemic showed how the virus could be contained and managed via quickly sharing the latest information, clinical protocols and vaccines across borders. While the virus is far from extinct, its transmission is localised and reported fatalities are fewer each year compared with 2009.
Stronger Accountability Mechanisms
Unfortunately, in many low-income countries there are high levels of corruption within health systems. This circumstance is often driven by a political economy of low salaries paid to health workers, investment of significant sums of cash in health systems, lack of transparency, different levels of health literacy and disparities in knowledge of rights and entitlements. 20, 21 According to Savedoff and Hussmann "Health system corruption is less likely in societies where there is broad adherence to the rule of law, transparency and trust, and where the public sector is ruled by effective civil service codes and strong accountability mechanisms. " 21[p.4] A GIS is part of the solution whereby governance principles such as transparency, responsibility, equity and inclusion, effectiveness and efficiency, accountability, information, and intelligence 22 can be monitored in action more successfully. For low-income countries, often dependent on an array of national and global funders, using GIS provides one way to reassure funders that discrepancies may be quickly picked up in a relatively short period of time and that their contributions are filtering down to the community level.
Simultaneously, local health workers also have the opportunity to reply to the accountability mechanisms set by funders. If these are inappropriate to context or privileging of particular diseases at the expense of other disease burdens (e.g., HIV/AIDS funding versus funding for neglected tropical diseases), then by using GIS and demonstrating the distribution of disease burden, the widely prevalent but often insufficiently acknowledged condition of co-endemicity and poly-parasitism, health workers in the field have a right of reply to funders about the nature of disease control programmes and realistic expectations.
Better Knowledge Translation
Our fourth and final point is the potential of GIS to translate complex data into simple, quick and easy-to-understand formats. This translation work is important in order to rapidly respond to current and future health problems. Knowledge translation is increasingly recognised as an important dimension of research and refers to "the synthesis, dissemination, exchange and ethically sound application of knowledge to improve health, provide more effective health services and products, and strengthen the health care system. " 23[p.3] We point to the example of Figure 2 and Table 1 -both show the same information about the spatial patterning of typhoid fever in Makassar district in South Sulawesi, Indonesia. Arguably, the capacity of GIS to translate tabular data into maps is part of the increasing scientific responsibility to not just produce data but to present it in ways that are readable and actionable for technical experts and community members. This is a very important point, for it also ensures that the technological marvels of GIS do not become ends in themselves. Technological innovation should not overshadow conditions of inequity but rather serve as tools to better understand the social and material conditions of everyday life and help to reduce health inequalities.
Barriers to GIS Uptake
Research on the health-GIS nexus remains concentrated mainly in middle to highincome countries, with limited output from low-income regions. Of a total of 5,025 records, obtained when the term "Geographic Information System" is searched in the PubMed database, only 538 occur in Africa, Southeast Asia, Latin America, and Eastern Europe. While a GIS is important and has been used predominantly in high and middle-income countries, arguably it is in low-income countries where geographicallyreferenced data have greatest benefit. This is where the world's poorest populations reside, where resources are scarce and where wastage of resources can be least afforded.
There are implementation-related, ontological, and research-related barriers to the uptake of GIS. Implementation barriers include: (1) limitations of the technology (e.g., concerns about data security and confidentiality, lack of compatibility across services, difficulty integrating geospatial data sets with different boundaries); 15 (2) poor quality data (e.g., missing or incomplete data, political pressures to under/over report data); 1 (3) utilisation limitations (e.g., lack of infrastructure to use the technology, low levels of knowledge and low motivation to learn how to use the technology); 18 (4) costs associated with establishing and using such infrastructure; 24 and (5) lack of clear ownership and responsibility for the data. 24 These barriers can be overcome. Minimizing the risk of poor quality and inaccurate data, for example, an issue not only specific to a GIS but to undertaking research in general, can be overcome by adequate training, capacity building, and clear guidelines on how to de-indentify data. Similarly the costs associated with establishing a GIS can be substantial; hardware and software equipment and maintenance, technical staff, telecommunications, and travel to collect data are budget items for a GIS. 25 These costs vary across countries but can be financially onerous for a low-income country with a limited health budget. Ways to overcome cost barriers include creating open-access platforms for data (e.g., The Global Atlas of Helminth Infections), 17 integrating GIS with existing HMIS so that existing information can be directly input into a GIS (e.g., as was done in the Malawian case) 18 and no additional data collectors be sent into the field to collect GIS-specific data, and using publicprivate partnerships to invest in a GIS infrastructure which multiple nations can use for a single purpose, single nations use for multiple purposes or both (see for example 26 for various case-studies of public-private partnerships on spatial technologies).
Ontological concerns about GIS centre on the capacity of GIS to promote a god'seye view that might exclude the socio-political and economic circumstances of the people on the ground. 27, 28 Space (i.e., land, air, water) is often overlaid with political, economic, bureaucratic, and social boundaries. Resource allocation is typically carried out on the basis of these intangible boundaries which also create moral spaces defined by class, caste, and so forth. Through allocations of resources to specific geographic areas and demarcations of access by geography, there is a risk of servicing some parts of the community and excluding others, thus amplifying existing health disparities. In terms of infectious disease control, the difficulties associated with multiple boundaries overlaying a single space affect the capacity of health services to successfully control the spread and re-entry of the disease into the catchment areas as well as allocation of appropriate resources. Spatial analysis might also exclude local, shifting and contradictory forms of knowledge which influence health-seeking behaviour. 29, 30 To overcome these ontological concerns it is critical that GIS be part of a suite of methods employed to understand health issues. Strategies such as university-community partnerships, inter-organisational collaborations, local knowledge production, and participatory research are context-focused GIS initiatives, which seek to engage with the social, political, and institutional factors that shape GIS access and application and to alter them in ways that create inclusion for diverse users, institutions, and social groups. 11, 31, 32 It is important that GIS be part of community-based participatory research methods to ensure its salience and acceptability to communities and policy-makers.
Conclusion
In a world where global health issues are high on the agenda it is important to have systems that address the health equality between and within countries. The continuing burden of infectious diseases in low-income countries highlights the need to take a more integrated and sophisticated approach. There is need to create systems that are efficient and responsive to health issues, including geographic and socioeconomic indicators. In this paper we outlined the potential of GIS to address health service planning and delivery for infectious disease control at local, national and international levels in four ways: understandings of access, health surveillance and real-time planning, accountability, and knowledge translation.
These four ways reflect the pragmatic operation of health systems as well as the underlying values of equity and inclusion. Though our analysis was limited to infectious diseases and we focused on low-income countries this is not to suggest that GIS cannot have application to other health conditions and assist with service planning and delivery in high and middle-income nations. In fact, much of the research in this area is concentrated on high and middle-income countries when a GIS may have greatest benefit in low-income areas. Despite ontological and implementation-related barriers to the uptake of a GIS, as we have shown there are many initiatives already underway in Africa, Asia, and Latin-America that seek to overcome these barriers. Assimilating a GIS and HMIS data system, public-private partnerships, open-access data platforms, capacity building and training, cross-country and global collaborations for infectious disease surveillance are some of the ways in which a GIS is being implemented within and across low-income countries.
To conclude, there is increasing need for tools such as GIS to be integrated into health systems and used by multidisciplinary teams. This helps to ensure that technologies such as GIS do not become novelties in themselves restricted only to the research domain. As was called for at the Global Ministerial Forum on Research for Health in Bamako, Mali, 33 there is need to "harness the potential of research by drawing on new sciences, emerging technologies, and social and technological innovations to address priority health challenges" 34[p.3] to reduce health inequalities and create effective and responsive health systems in practice.
